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INTRODUCTION
Delineation of normal immune-regulatory mechanism is currently a subject of great interest. Studies in both animals and humans have clearly defined the role of T lymphocytes in both help and suppression of immunoglobulin synthesis (1) (2) (3) (4) . However, the immuneregulatory role of other non-T lymphocyte subsets has received little attention.
Of particular interest is the immunoregulatory role of L lymphocytes, a non-T, non-B lymphocyte, that is uniformly rich in Fc IgG receptors (5) (6) (7) . L cells comprise 10-15% of the total lymphocyte population in normal human blood and differ from other "third" population cells by their lack of complement (C3) receptors, their inability to develop membrane immunoglobulin in culture (like immature B cells) and their inability to develop into macrophages in culture (like promonocytes) (7) (8) (9) 16 ). This quantitatively prominent Fc IgG receptor-bearing subset of cells could be a likely candidate in immune regulation, especially in view of studies of Moretta et al. (4) demonstrating that T cells with Fc IgG receptors are suppressors of immunoglobulin synthesis.
Our study is aimed at investigating the functional role ofhuman L cells in regulating B cell differentiation into plasma cells using an in vitro assay system that has previously been used to study both T "helper" and "suppressor" activity in humans (4, 10, 11) .
METHODS
Isolation of peripheral blood mononuclear cells (PBMC) .' PBMC were separated from fresh heparinized blood (50 U beef heparin/ml blood) from healthy, adult donors by Ficoll-Hypaque density gradient centrifugation and then finally resuspended in RPMI 1640 (Grand Island Biological Co., Grand Island, N. Y.) containing 80 ,ug/ml glutamine, 50 ,ug/ml streptomycin, and 50 ,ug/ml penicillin (RPMI culture medium).
Identification of mononuclear subpopulations. B lymphocytes were identified by the presence of intrinsic membrane immunoglobulin using a fluorescein-conjugated (FITC) polyvalent goat antihuman immunoglobulin (Ig) (Hyland Diagnostics Div., Travenol Laboratories, Inc., Deerfield, Ill.). Extrinsic surface Ig present on non-B cells that could be confused for B cells were removed by a brief 37°C incubation as described (6) . T lymphocytes were enumerated by two techniques: (a) binding of lymphocytes to unsensitized sheep erythrocytes to form rosettes (E rosettes) using described methods (6) , and (b) by indirect immunofluorescence using a T cell monoclonal antibody (IgG2AK) produced by a murine hybridoma cell line (T101, Hybritech Incorporated, La Jolla, Calif. balanced salt solution (HBSS) were subjected to simultaneous rosetting with a mixture of EAC and E reagents. After an overnight incubation at 4°C, cells were gently resuspended and subjected to density gradient centrifugation with FicollHypaque. Cells remaining at the interface contained L cells (>80% pure). To isolate T cells, macrophage-depleted PBMC in HBSS were subjected to overnight rosetting with the E reagent. After an overnight incubation at 4°C, cells were gently resuspended and subjected to a slow density gradient centrifugation (200 g for 15 min) so that only strongly rosetted cells settled in the pellet. The pellet was then lysed with ammonium chloride to obtain T cells (>95% reform E rosettes). To obtain macrophages, nonadherent cells were removed from plastic dishes by vigorous washing, and then the adherent cells were gently scraped off with a rubber policeman. With this technique, macrophage purity was >83%. Viability of all cell subpopulations was >95% by trypan blue exclusion techniques.
Further purification of L cell subpopulation. L cells as isolated were contaminated with T lymphocytes (3-5% E rosettes) and macrophages (3-6%) but rarely with B lymphocytes (<1%). Removal of contaminating T cells from the L cell subpopulation was achieved by complement-dependent lysis of T cells. An IgG2 mouse anti-T cell monoclonal antibody (Hybritech Incorporated) and rabbit serum (complement) was used in the cytotoxicity procedure.
Characterization of L cells with monoclonal antibodies. In these experiments, enriched L cell subpopulations were pretreated with the relevant monoclonal antibody, washed twice, stained with FITC-labeled horse anti-mouse IgG (Hybritech Incorporated), and then subjected to EA rosette formation at 4°C. These studies were performed in the presence of 0.02% sodium azide. The percentage of EArosetted cells (L cells) containing an FITC-labeled lymphocyte was then determined. For these determinations, freshly prepared wet mounts with cover slips compressed tightly were examined to optimize visualization of the centrally located lymphocyte. Monoclonal antibodies used had the following characteristics and specificities: (a) T101 specific for all periph- Pokeweed mitogen (PWM)-induced production of intracytoplasmic Ig. In this assay, freshly prepared cells in RPMI containing 20% autologous human sera were incubated with PWM (Grand Island Biological Co., lot C477101) to achieve a final concentration of 1: 100 of the stock solution of mitogen. PWM-treated cells were cultured for 8 d (5% C02, 37°C) in Falcon plastic tubes (Falcon Labware) and production of intracytoplasmic Ig was determined by making cytocentrifuge preparations of cells as described (12) and staining these preparations with goat antiserum to human Ig (polyvalent, Hyland Diagnostics Div.). Between 1,000 and 2,000 cells were counted to determine the percentage of cells with intracytoplasmic Ig.
Pretreatment of L cells with EA complexes or concanavalin A (Con A). Freshly isolated L cells (3 x 105) or macrophages (3 x 104) in 0.2 ml RPMI with 10% fetal calf serum were incubated with 0.025 ml of a 2% solution of the EA reagent or human O+ erythrocytes (control). After 1 h incubation at 37°C in 5% C02, the erythrocytes in the cell mixture were lysed with ammonium chloride and washed three times with RPMI before use in co-culture experiments. In these experiments, human erythrocytes used to prepare EA reagent were depleted of PBMC by Ficoll-Hypaque so as to prevent an "allogenic" effect.
Isolated lymphocyte subpopulations were pretreated with Con A as described (12) . Briefly, 1 x 106 cells/ml were cultured in the presence of 32 ,ug/ml Con A (grade III, Sigma Chemical Co., St. Louis, Mo.). After 48 h, cultured cells were washed twice, then added to the appropriate responder cells.
Basic experimental design. 2 x 105 freshly isolated PBMC (nonmacrophage depleted) in 0.25 ml RPMI supplemented with 20% autologous sera were cultured alone (control) or cocultured with 2 x 105 cells of an enriched subpopulation. Culture tubes were then exposed to PWM and allowed to proliferate in 5% CO2 at 37°C for 8 d before determining intracytoplasmic Ig. In certain experiments, isolated subpopulations were either radiated (3,000 rad) or activated with EAimmune complexes before co-culturing with PBMC. At the end of 8 shown to be shared with T, cells (9, 24) . Because of the latter observation, enriched L cell subpopulations from four subjects were kept in culture in RPMI containing either 20% fetal calf serum or human serum-a technique used by other investigators to check for promonocytes (22) . Examination of cultures at varying intervals for up to 10 d did not reveal macrophages as determined by euchrysine staining, esterase staining, and latex bead ingestion. The lack of stained EA-rosetted cells was not due to the monoclonal antibody complex on stained cells inhibiting rosette formation because the total percentage of EA rosettes using FITC-stained cells was identical to control cells not pretreated with monoclonal antibody. This is particularly relevant for the HLA-DR antigen as several investigators have demonstrated that antibodies to such antigens inhibit binding of complexes to Fc receptors on B lymphocytes (13) . However, our studies and those of others (13) indicate that antibodies to HLA-DR antigens do not inhibit binding of EA to Fc receptors on L cells. This may well be explained on the basis that L cells lack HLA-DR antigens (14) (15) (16) .
Enhancing effect of L cells on PWM-induced differentiation of B cells. Optimal differentiation of human B cells into plasmacytoid cells with PWM stimulation requires T cells and macrophages (4, 10, 17) . Hence, to investigate the immunoregulatory role of L cells in this model system, highly purified L cells were co-cultured with PBMC in the presence of PWM. In 14 normal adults studied, L cells consistently augmented both PBMC proliferation (as determined by cell yields) and B cell differentiation into plasmacytoid cells. Representative experiments are exemplified in Table II and Fig. 1 . Optimal augmentation was observed when the ratio of L cells to PBMC was 1:1 ( Fig. 1) . In L cells containing co-cultures, cell yields increased (enhancement ratios varied from 1.4:1 to 2:1), while differentiation into plasmacytoid cells increased by a mean of 83%±+-62 SD.
In contrast, an E rosette-purified T cell subpopulation either enhanced or suppressed B cell differentiation when co-cultured with PBMC at a ratio of 1:1 (Table II) . This variable response with the T cells was, however, abolished when the T cell subpopulation was irradiated before co-culturing with PBMC. Radiated T cells, when co-cultured at a ratio of 1:1 consistently led to enhancement of Ig synthesis, thus confirming previous observations demonstrating that radiation inactivates a subset of suppressor T cells (11) . Under the culture conditions used, the degree of enhancement of B cell differentiation by radiated T cells was similar to that obtained with L cells (Table II) Because there was some macrophage contamination (2-6%) in the L cell subpopulation, it became important to determine whether the observed inhibition with the EA complexes was due to activation of suppressor macrophages as described (20, 21) . Hence, highly purified macrophages (an adherent population scraped off plastic dishes) were subjected in a similar fashion to EA complexes and then added to PBMC. As exemplified in Table IV , addition of EA-pretreated macrophages to PBMC did not lead to increased suppression of B cell differentiation. In these experiments, 2 x 104 macrophages were co-cultured with 2 x 105 PBMC as macrophage contamination in the L cell subpopulation was always <10%. Of note, adherent macrophages (nonpretreated with immune complexes) in certain individuals suppressed B cell dif-434 P. 1. Lobo Details of experiments as in Table II. ferentiation, while in others the opposite effect was noted (Table IV) . Irradiated T cells maintained their augmenting effect despite Con A in the precultures. DISCUSSION Using the recently developed monoclonal antibodies, it is now evident that the L cell subpopulation is a homogenous subpopulation distinct from B or T cells, or even macrophages. L cells possess high density Fc IgG receptors but lack C3 receptors, intrinsic membrane Ig, T cell-specific antigen, and do not develop into macrophages. Perhaps the previous confusion in the literature with regard to membrane markers present on L cells (reviewed 8) may be explained on the basis of utilization of nonspecific markers and the use of heteroantisera. The latter may explain the high incidence (40-50%) of DR-positive antigen previously noted on noncultured L cells (8) . Our data and those of others indicate that the majority (>90%) of noncultured L cells lack the DR antigen (14) (15) (16) .
These data demonstrate that L cells, like T cells and macrophages, also possess immunoregulatory properties. Although it is highly unlikely that B cell differentiation into plasma cells is L cell dependent as has been demonstrated with T cells, our data provide evidence that L cells can exert both positive or negative influences on terminal B cell differentiation, dependiing on the state of activation of their Fc IgG receptors. That a potentially single subset of cells can exert both positive and negative influences on the immune system has not been described before. Previous studies have clearly demonstrated, at least with regard to T cells, that different T cell subsets are involved (21, (26) (27) (28) . This latter T cell subset possesses surface antigens detected by the OKT5 monoclonal antibody (29) and rather surprisingly, also has Fc IgM receptors (9, 24) . Additionally, suppression of B cell differentiation induced by T cells in the absence of complexes is also associated with marked suppression of proliferation (28 (5, 7) develop suppressor activity after in vitro incubation. Suppression of the in vitro PWM-induced B cell differentiation is, however, greater with co-cultures containing Con A-pretreated PBMC than with PBMC subjected only to in vitro incubation (12) . It therefore seems reasonable to assume that the augmented suppression observed with Con A pretreatment ofPBMC is due to activation of a subset of cells distinct from L cells or the radioresistant T helper cells. Perhaps Con A activates suppressor cells within the Tu subset, which do not depend on immune complexes to activate their suppressive potential. Hayward et al. (32) have data to demonstrate that this may indeed be the case.
However, more studies are needed to define whether synergism is required between various subsets for the induction of suppressors after mitogenic stimulation.
The concept of a potentially single subset of cells exerting both a positive and negative influence on terminal B cell differentiation is an intriguing possibility. However Deficiency of L cells has been described in active sarcoidosis (33) . In this disease hypergammaglobulinemia is commonly present (34) , despite the presence of excessive macrophages that inhibit B cell differentiation (35) . Deficiency of L cells may explain this hypergammaglobulinemia as perhaps such patients lack the nonspecific feed-back regulation of terminal B cell differentiation; hence, the need for increased suppressor macrophages in this disease.
